This study analyzed the effects of ecological factors on secondary metabolites of Scutellaria baicalensis using two sources: 92 individual roots of S. baicalensis from all over China, and secondary metabolites, medicinal materials and inorganic element contents obtained from the testing of 92 S. baicalensis rhizosphere soil samples. The study used environmental data from the Genuine Medicinal Material Spatial Analysis Database. Most of the chemical constituents of S. baicalensis were negatively correlated to latitude and positively correlated to temperature; generally, the contents of 21 chemical constituents were higher at low latitudes than that at high latitudes. By gradual regression analysis, it was found that the content of baicalin in S. baicalensis was negatively correlated to latitude and generally the content of inorganic elements in soil was excessively high (excluding Mg and Ca), which has a negative effect on the accumulation of chemical constituents in S. baicalensis. Based on the cluster analysis of 21 constituents, S. baicalensis from different places of origin was divided into two groups, and S. baicalensis was not genuine only in a specific small region. Within the zone from Chifeng, Inner Mongolia to Taibai, Shaanxi is suitable for accumulation of secondary metabolites of S. baicalensis and such a zone represents a suitable distribution and potential genuine producing area.
Some traditional Chinese medicines that are grown in specific regions and widely recognized as having better beneficial clinical therapeutic effects are called Daodi-herbs or geoherbs [1, 2] . From a biological point of view, heterogeneous individuals of the same species can be classified as either geoherbs or non-geoherbs [3] , with their unique chemical constituents resulting from the interaction between minor-polygenes and differential ecology [4] . Plants resist biological, physical and chemical environmental stresses by regulating the accumulation of secondary metabolites in long periods of adaption to the environment [59]. Ecological factors are the dominant factors affecting the secondary metabolites of the plants [10] . Therefore, research on the effects of ecological factors on the accumulation of secondary metabolites in medicinal plants is crucial for revealing the causes of geoherblism of traditional Chinese medicine, which is also a key for carrying out directional cultivation and improving the quality of traditional Chinese medicine.
Huáng qín (Chinese: 黄芩) is originally from Scutellaria baicalensis. Its dried root is popular in traditional Chinese medicine. It works as an anti-inflammatory, antioxidant, and anti-allergen, and it is often used to treat fevers, coughs, allergic rhinitis, and wheezing [11] . Scutellaria baicalensis is widely distributed in Northeast China, North China, Central China and Southwest China, and is common in extensive areas north of the Yangtze River [12] . Research has demonstrated that variation in the quality of S. baicalensis is mainly due to environmental factors [13] . In our earlier study, 92 individual roots of S. baicalensis and the 92 corresponding rhizosphere soil samples were taken from all over China; the secondary metabolites in roots of S. baicalensis and inorganic elements in roots and rhizosphere soil were tested. Based on the data of these secondary metabolites and inorganic elements, massive environmental data from the Spatial Analysis Database of Geoherbs are used to investigate the influence of ecological factors on the accumulation of secondary metabolites and their comprehensive effect, which may provide guidance for high-quality cultivation of S. baicalensis.
Sample plots and data sources 1.Sample plots
To eliminate the effect of anthropogenic interference, all materials of S. baicalensis used in this study were taken from the wild. From the end of July 2007 to the beginning of September 2007, these samples were taken randomly from 16 main producing areas, from each of which 46 individual plants of S. baicalensis were collected to make a total of 92 plants. The information about the samples and their growing areas is given in Table 1 .
Data source
Data regarding secondary metabolites of S. baicalensis: a total of 19 peaks and 21 constituents were tested in an HPLC chromatogram of S. baicalensis (constituents 46 were not completely separated and the three constituents come to one peak, so the total number of peaks was 19) . The actual contents of the four constituents C9 baicalin, C14 wogonoside, C17 baicalein and C18 wogonin, were quantified from standard substances, while the contents of the rest of the constituents were indicated as peak areas in this study because of the absence of standard substances. The results indicated that the difference in the peak area of 21 constituents is significant among all the aforementioned areas ( [16] have shown that heat stress is an important environmental factor in promoting accumulation of secondary metabolites for Hypericum (Hypericum perforatum).
Climatic and geographical differences will affect the composition and ratio [17] Table 3 shows 21 components in S. baicalensis with different correlations with 10 inorganic elements. Seven components have no significant correlation with inorganic elements, while the other components have significant correlation with 17 components. Among them, component 9, baicalin, and component 13 have significant correlation with seven kinds of inorganic elements, suggesting that each component is influenced differently by inorganic elements. Ten inorganic elements have significant correlation with 17 chemical compositions, Mg and Mn have signifi- Tables 3 and 4 , we find that there is no relationship between correlation of some chemical compositions with inorganic element content in S. baicalensis and correlation between this chemical composition with this inorganic element content. To further study the relationship between inorganic elements in S. baicalensis and those in soil, the correlations among the inorganic elements of the root of S. baicalensis and the correlation between inorganic elements in the root of S. baicalensis and soil were analyzed.
Correlation between soil inorganic elements and secondary metabolites of S. baicalensis
The results of correlation analysis among inorganic elements of the root of S. baicalensis are shown in Table 5 , and there are in total 45 correlation coefficients for every two elements among the 10 inorganic elements of S. baicalensis. Eighteen of these were significantly correlated, exceeding 1/3 of the total number. The 10 inorganic elements, Ca, Cr, Cu, Fe, K, Mg, Mn, P, Sr and Zn, are significantly correlated with other kinds of inorganic elements as with correlation frequencies of 4, 0, 2, 5, 2, 5, 5, 3, 5 and 7, respectively. Of these, Ca and P show negative correlations, suggesting antagonism between these two components; the other kinds of inorganic elements are positively correlated, suggesting that the majority of the absorption of inorganic elements may have a synergistic effect. Among them, Zn, Fe, Mg, Mn and Sr of S. baicalensis are positively correlated with five or more other kinds of inorganic elements, suggesting that the absorption of these elements has a synergistic effect with a variety of inorganic elements.
Correlation between inorganic elements in the root of S. baicalensis and those in rhizosphere soil
The results of the correlation analysis between the root of S. baicalensis and inorganic elements of soil are shown in Table 6, and only three medicinal materials, Ca, Cu and P, of the 10 kinds of inorganic elements of S. baicalensis are positively correlated with soil content, while the other seven elements of medicinal materials are not correlated. Ca, Cr, Cu, Fe, K, Mg, Mn, P, Sr and Zn of S. baicalensis are significantly correlated with the other 0, 1, 6, 2, 6, 0, 4, 1, 4 and 5 inorganic elements in the soil, suggesting that several other inorganic elements have little or no influence on the accumulation of Ca and Mg. Accumulation of Cr, Cu, Fe, K, Mn, P, Sr and Zn is influenced by the other inorganic elements in the soil, and accumulation of Cu, K and Zn might be influenced by more inorganic elements. This reflects the fact that demand for different inorganic elements and absorption characteristics of S. baicalensis are different, suggesting that some inorganic elements of S. baicalensis are not only related with corresponding elements in the soil, but might be more related with other inorganic element components in the soil.
Ca, Cr, Cu, Fe, K, Mg, Mn, P, Sr and Zn in the soil are significantly correlated with the other inorganic elements of medicinal materials 1, 4, 3, 3, 1, 5, 3, 3, 4 and 2. This suggests that Cr, Mg and Sr in the soil have greater impacts on inorganic elements of S. baicalensis, among which soil Mg is significantly and negatively correlated with Cr, Fe, Mn and Sr of medicinal materials, while significantly and positively correlated with K in the medicinal materials, suggesting that Mg in the soil might promote K absorption by the root of S. baicalensis. 
Correlation between inorganic elements of S. baicalensis and ecological factors
As seen in Table 7 , P and Sr in S. baicalensis are significantly and negatively correlated with altitude and annual average temperature, while significantly and positively correlated with longitude and latitude, suggesting that high temperature is not conducive for absorption of P and Sr by the root of S. baicalensis. Ecological factors such as climate do not affect absorption for other inorganic elements by S. baicalensis directly.
Comprehensive effect of ecological factors on secondary metabolites of S. baicalensis
Secondary metabolites of S. baicalensis are a result of the comprehensive effect of various factors from both internal and external environment. To further analyze the compre- hensive effect of ecological factors on secondary metabolites of S. baicalensis. Euclidean distance was adopted and cluster analysis was carried out on S. baicalensis all over the world. An associated method was used within groups, based on 21 chemical compositions in S. baicalensis, and the result showed that S. baicalensis from different origins could be divided into two main categories (Figure 1 ). Among them, samples 1-10 (except 7) are clustered into one class while samples 11-16 and sample 7 are clustered into another class. When these sample plots are displayed on the map, it can be found that the first of these two groups is mainly distributed in the northeast regions of China, and the second group is mainly distributed in regions from the north to the northwest. The origin of these two groups does not cross geographically, but each group has a geographical continuity, indicating that ecological factors have comprehensive effects on the secondary metabolites of S. baicalensis.
4 Discussion and conclusion
Effects of ecological factors and secondary metabolites of the root of S. baicalensis
Under the conditions of heterogenic environments, accumulation of secondary metabolites in medicinal plants has different features [19] . The different contents or proportion of accumulated secondary metabolites of medicinal plants means that it is possible that the clinical therapeutic effects are not exactly the same even for the same kind of traditional Chinese medicine, leading to the differences in the clinical medicine quality of traditional Chinese medicines [20, 21] . The relevant analysis aims at studying whether there is any interdependent relationship among these phenomena, discussing the relevant directions and conducting statistics and analyses of relevant degree towards the specific phenomena with interdependent relationships [22, 23] . This study analyzed the correlation among secondary metabolites of the root of S. baicalensis and inorganic elements, and the ecological factors that might affect their content. It [24, 25] . Research has shown that as a kind of phytoalexin, both synthesis and emission of secondary metabolites will increase under environmental stress [19] , indicating that the relatively cool and cold zones are suitable for growth of S. baicalensis while high temperatures may lead to certain adversity stresses, consequently leading to synthesis of secondary metabolites.
Effect of ecological factors on inorganic elements in the root of S. baicalensis
Different kinds of inorganic elements have different functions inside the plant. Not only do inorganic elements affect root nutrition, physiological and metabolic activities of the plant, and promote plant growth, but they also constitute factors for active ingredients of medicinal plants. Therefore, inorganic elements affect formation and accumulation of chemical composition of plants [2630] . To further observe the effect of inorganic elements on accumulation of secondary metabolites, this study analyzed the correlation between various ecological factors and accumulation of inorganic elements in the root of S. baicalensis. It can be concluded that except for the significantly negative correlation between Ca and P in the root of S. baicalensis, there is positive correlation between the remaining inorganic elements, which shows that absorption of these inorganic elements might have synergistic reactions. In particular, absorption of Zn, Fe, Mg, Mn and Sr has synergistic reactions with multiple inorganic elements. Among the 10 inorganic elements including Ca, Cr, Cu, Fe, K, Mg, Mn, P, Sr and Zn in the root of S. baicalensis, only three medicinal materials including Ca, Cu and P are significantly positively correlated with contents in the soil while medicinal materials of the other seven elements are not significantly correlated with contents in the soil. On the contrary, this study showed that Cr, Cu, Fe, K, Mn, P, Sr and Zn in the root of S. baicalensis are significantly correlated with other inorganic elements in the soil. Furthermore, Cu, K and Zn are correlated with many inorganic elements, indicating that their accumulation might be affected by more inorganic elements. Note that content of a certain inorganic element in the root of S. baicalensis might not only be correlated with the corresponding element content in the soil, but may also be closely correlated with contents of other inorganic elements in the soil. Different inorganic elements in the soil have different effects on inorganic elements in the roots of S. baicalensis, where Cr, Mg and Sr have relatively significant effects on accumulation of inorganic elements in the root of S. baicalensis. Besides high temperatures, which are unfavorable for absorption of P and Sr by the root of S. baicalensis, this study showed that ecological factors have no direct effects on absorption of most inorganic elements by the root of S. baicalensis.
In recent years, it has been found that pesticide effects on traditional Chinese medicine have to do with the trace elements contained and the content proportion of various trace elements [31, 32] . Cao et al. [24] noted that the active ingredient of Chinese medicine might be one or several organic elements or might be associated with trace elements, but is most likely formed by both. Other scholars have pointed out that there is complicated interaction among inorganic elements, which is reflected as a relationship that is equally important and irreplaceable [27, 28] . For example, the Cd in plants can disturb metabolism of Fe, reduce effectiveness of Fe in plants [29] and block nutrient element transmission towards the leaves by disturbing the absorption and transfer of elements including Mn, Zn and Mg by the plants through antagonism. This study has found a complicated correlation among the chemical composition in S. baicalensis, inorganic elements in S. baicalensis and inorganic elements in the soil. The three parts correlate with each other closely and form a complicated dynamic balance system, although they themselves are relatively independent systems. Therefore, it is difficult to obtain meaningful results by analyzing inorganic elements of Chinese medicine independently. and Medicine Production Differentiation recorded that "the areas in Shanxi, Zhili and Rehe abound in it". In modern times, the main production areas of S. baicalensis have shifted northward and are currently mainly concentrated in three areas including Northern, Northwestern and Northeastern China. When it comes to the genuine production area of S. baicalensis, Newly Revised Canon of Materia Medica recorded that "the plant growing in Yizhou, Lizhou and Jingzhou is better", where Yizhou refers to Yichang, modern Hubei Province, Lizhou refers to modern Fu County, Shaanxi Province and Jingzhou is Jing County, Gansu Province [33, 34] . Since the beginning of this century, some scholars have claimed that S. baicalensis produced in Chengde, Hebei Province is a genuine medicinal material [2] , while Gansu, Shanxi, Hebei and Shandong provinces have all shown to be genuine production areas for S. baicalensis. This shows that more research is needed to confirm the genuine production area of S. baicalensis. This study has found that contents of 21 chemical compositions, including baicalin, in S. baicalensis in areas with low latitude are higher than at higher latitude on the whole. The cluster analysis based on 21 components has roughly divided S. baicalensis from 16 production areas into two major categories, where the 21 components have higher contents in S. baicalensis in Chifeng, Inner Mongolia; Wutai, Shanxi Province; Fenyang, Shanxi Province; Yan'an, Shaanxi Province; Heshui, Gansu Province; and Taibai, Shaanxi Province. Other production areas have lower contents. This has revealed the reason for different records for genuine production areas of S. baicalensis by ancient people from the other side, i.e., geoherblism of S. baicalensis is not limited to a small area. The area stretching from Chifeng, Inner Mongolia to Taibai, Shaanxi Province is suitable for accumulation of secondary metabolites of S. baicalensis, and is suitable for growth and production of S. baicalensis. In other words, this area has the potential to become a genuine production area for S. baicalensis as long as S. baicalensis is produced with enough output and processed by reasonable means.
